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(54) Photosensitive semiconductor nanocrystals, photosensitive composition comprising 
semiconductor nanocrystals and method tor forming semiconductor nanocrystal panem 
using the same 


(57) Semiconductor nanocrystals surface-ccordl- 
nalsd with a compound containing a photosensitive 
functional group, a photosensitive composition compris- 
ing semiconductor nanocrystals, and a method far farm* 
Ing semiconductor nanocrystal pattern by producing a 
film using the photosensitive semiconductor nanocrys* 
tals or the photosensitive composition, exposing the film 


1o light and developing the exposed film, are provided. 
The semiconductor nanocrystal panem exhibits lumi- 
nescence characteristics comparable to the semjcon» 
doctor nanocrystals before patterning and can be use* 
fully applied to organic-Inorganic hybrid electrotumlnes* 
cent devices* 
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Description 

[0001 ] The present Invention relates to phoiosenslrJve 
semiconductor nanocrystals, a photosensitive cam post* 
tion comprising semiconductor nanocrystals and a 
method for forming a semiconductor nanocrystal pattern 
using the same. More particularly, the present Invention 
relates to semiconductor nanocrystals that are surface* 
coordinated with a compound containing a photosensi- 
tive functional group, a photosensitive composition 
comprising semiconductor nanocrystals, and a method 
for forming a semiconductor nanocrystal pattern by 
forming a film using the photosensitive semiconductor 
nanocrystals or the photosensitive composition, expos- 
ing the Him to light and developing the exposed Mm* 
[0002] Due to the quantum confinement effects of 
compound semiconductor nanocrystals (le. quantum 
dots), the characteristic energy bandgap of semicon- 
ductor materials are changed* Since the control overthe 
materials, structure, shape and size of the nanocrystals 
enables the contra] of the corresponding bandgaps, var* 
(bus energy levels can be obtained. 
[ooo3] In recent years, there have been many trials to 
prepare semiconductor nanocrystals by a wet chemistry 
method wherein a precursor material Is added to an or- 
ganic solvent and nanocrystals are grown so as to have 
an Intended size. According to the wet chemistry math* 
od, as the nanocrystals are grown, the organic solvent 
is naturally coordinated to the surface of the nanocrys- 
tals and acts as a dispersant Accordingly, the organic 
solvent allows the nanocrystals to grow In the nanome- 
ter-scale level Using vapor deposition processes, e,g., 
MOCVD (metal organic chemical deposition) and MBE 
(molecular beam epitaxy), It Is dif fteult to uniformly con* 
trol the stee, chape and density of nanocrystals. In con- 
trast, the wet chemistry method has an advantage In that 
nan o crystals can be uniformly synthesized In various 
sixes by appropriately controlling the concentration of 
precursors used, the Wnd of organic solvents, synthe* 
slxlng temperature and time, etc. 
[0004] However, since nanocrystals prepared by the 
wet chemistry method are commonly dispersed In an or- 
ganic solvent, such as toluene or ehloroferm, tech- 
niques of forming athfn film as well as pattern forming 
method of nanocrystals are required In order to apply 
the nanocrystals to electronic devices. Patterning tech- 
niques reported hitherto are mainly associated with the 
patterning of nanocrystals by vapor deposition. These 
techniques, however, have a shortcoming In that control 
owthe uniformity of size, shape, end density Is dffleult 
(Appl. Phys* Letter, 1997. 70, 3140), 
poofi] In this regard, U.S. Patent No. 5,559,057 sug- 
gests a method for forming a partem of nanocrystals 
which comprises the steps of vapor-deposlilng or spray- 
ing nanocrystals using a mask to deposit nanocrystals 
only on the areas not covered with a mask, Irradiating 
the nanocrystals with an electron beam to produce a th in 
film, and removing the mask. US. Patent No. 8,130,826 


discloses a method for Indirectly forming a pattern of na- 
nocrystals by tilling In pores of a template with nanoc- 
rystals wherein the template may be patterned tn any 
configuration. However, these patterning methods ln- 
S volve the use of a high-energy electron beam and a trou- 
blesome lift-off operation of the mask used. In addition, 
the template material may affect the performances of 
the pattern to be formed, and there Is thus a limitation 
In the kind of materials that can be patterned, 
to foooq Further, U.S. Patent No. 5,751 ,01 B discloses 
a method for aligning nanocrystals using terminal 
groups of a self-assembled monolayer formed on a met- 
al substrate. U.S. Patent No. 8,602,871 describes a 
method for binding dispersed nanocrystals to a polymer- 
ia ic support Since the above-mentioned methods are not 
substantially associated with patterning, they have lim- 
ited applicability to the patterning of nan oc ry s tals. 
[0007] Thus, there exists a need In the art for a meth- 
od tor forming a pattern of semiconductor nanocrystals 
so In a simple manner, without the use of a template or a 
deposition process requiring high vacuum and high tem- 
perature conditions. 

[0008] A feature of the present Invention Is to provide 
novel photosensitive semiconductor nanocrystals for 

25 forming a semiconductor nanocrystal pattern. 

[0009] Another feature of the present Invention Is to 
provide a novel photosensitive composition comprising 
semiconductor nanocrystals tor forming a semiconduc- 
tor nanocrystal pattern. 

so [001 0] Still another feature of the present invention Is 
to provide a method for forming a semiconductor nanoc- 
rystal pattern using the above photosensitive semicon- 
ductor nanocrystals and the photosensitive composi- 
tion. 

S5 [001 1] In accordance with a feature of the present In- 
vention, there is provided semiconductor nanocrystals 
surface-coordinated with a compound containing a pho- 
tosensitive functional group. 
[0012] In accordance with another feature of the 

40 present Invention, there Is provided a photosensitive 
composition for a semiconductor nanocrystal pattern, 
comprising I) semiconductor nanocrystals, and II) a 
photocurabto compound. 

[0013] In accordance with still another feature of the 
^5 present Invention, there is provided a method lor form- 
ing a semiconductor nanocrystal pattern, comprising the 
steps of; 1) producing a semiconductor nanocrystal film 
using the above semiconductor nanocrystals or the 
above photosensitive composition; II) exposing the film 
so through a mask; and in) developing the exposed Aim. 
[001 4] In accordance with still another feature of the 
present Invention, there Is provided an organic-Inorgan- 
ic hybrid elBctraluminascent device, wherein the semi- 
conductor nanocrystal pattern prepared according to 
55 the above method Is contained as a luminescent layer. 
[001 5] The above and other objects, features and oth- 
er advantages of the present Invention will be more 
dearly understood from the following delated deserlp- 
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Hon taken In conjunction with the accompanying draw- 
ings, In which: 

Fig. 1 Is a schematic diagram of a semiconductor 
nanoerystal surface-coordinated with a compound 
containing a photosensitive functional group; 
Fig, 2 is a photograph of a semiconductor nanoc- 
rystai pattern prepared in Example 1 of the present 
Invention (enlarged by 1000 times, taken with UV 
microscope); 

Rg. 3 Is a photograph of a semiconductor nance- 
rystal pattern prepared In Example 3 or the present 
Invention (enlarged by 1000 times, taken with UV 
microscope); 

Fig. 4 is a photograph of a semiconductor nanoc- 
rystai pattern prepared In Example 4 of the present 
Invention (enlarged by 1000 times, taken with UV 
microscope); 

Figs, 5a and 5b are an optical microscopic Image 
(x 1,000) and an AFM image of the semiconductor 
nanocrystai pattern of Fig* 4; and 
Fig. 6 Is an electroluminescent spectrum of a elec- 
troluminescent device manufactured in Example B 
o| the present Invention. 

[0016] Hereinafter, the present invention will be ax- 
plained In more detail with reference to the accompany* 
Ing drawings. 

Photosensitive semiconductor nnnocryatals 

[0017] The photosensitive semiconductor nanocrys- 
tats ol the present Invention are semiconductor nanoc- 
rystals surface-coordinated with a compound containing 
a photosensitive functional group, 
[ooi b] Semiconductor nanocrystals usable In the 
present Invention may Indude all semiconductor nanoc- 
rystals prepared from metal precursors by a wet chem- 
istry method. For example, the semiconductor nanoc- 
rystals may be prepared by adding a corresponding 
metal precursor to an organic solvent In the absence or 
presence of a dlspersant, and growing crystals si a pre- 
determined temperature. Examples of suitable semi- 
conductor nanocrystals usable In the present Invention 
Include Group ll-l V, IIMVand V compound nanocrystals 
and mixtures thereof. More preferred examples of na- 
nocrystals Include, but are not limited to, CdS, CdSe, 
CdTe, ZnS, ZnSe, ZnTe, HgS, HgSe, HgTe, GaN, GaP, 
GaAs, InP, In As and mixtures thereof* if the semicon- 
ductor nanocrystals are composed of two or more com* 
pounds, It may be a uniformly mixed type, gradient!/ 
mixed type, core-shell type or alloy type. 
[0019] The photosensitive compound coordinated to 
th e surface of the semiconductor nanocrystals Is a com- 
pound wherein a photoreactlve functional group (a,g., 
carbon-carbon double bond oracryl group) Is selectively 
bonded to a linker (e.g., cyanide, thiol (SH), amino, car- 
boxylic add group or phosphorite add group). Selective- 
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ly, there may be an alkylene, amide, phenyiene, blphe- 
nytene, ester or ether group between the photgreactive 
functional group and the linker. Preferably, the photo- 
sensitive compound is represented by Formula 1 below: 

S 

X-A-B (1) 

wherein X is NO, HOOC-, KRN-, POOOH-, R5- 
to or RSS* [in which R Is a hydrogen atom or a C,., Q sat- 
urated or unsaturated aliphatic hydrocarbon group); A 
Is a direct bond, an aliphatic organic group, a phenyiene 
group or a blphenylene group; and B Is an organic group 
containing at least one carbon-carbon double bond, 
is whlchmaybesubstHutedwIthatleastonegroupseleet- 
ed from the group consisting of -CN, -COOH, halogen 
groups, halogonated alkyl groups, amine groups, 
Ctn s aromatic hydrocarbon groups, and 2 aromatic 
hydrocarbon groups substituted with F, CI, Br, a halo- 
ay genated alkyt group, FTO- (In which RMs a hydrogen at- 
om or a alkyl group), -COOH, an amine group or 
-NO* 

[0020] More preferably, the aliphatic organic group In 
the substituent A of Formula 1 Is a saturated aliphatic 

ss hydrocarbon group such as -(CFy n - (In which Rlsa hy- 
drogen atom, a C 1#5 alkyl group, and n la an Integer of 
1-30), an aliphatic ester group containing an ester mol- 
ety (-COO-), an aliphatic amide group containing an 
amide moiety {-NHCO-), an aliphatic oxycarbonyl group 

90 containing an oxycarbonyl moiety (-OCO-), or an 
aliphatic ether group containing an ether moiety (*0»). 
The aliphatic organ Ic group may be branched with a C, , 5 
alkyl group, or may be substituted with by a hydroxyl, 
amine or thiol group. 

3S [0021] More preferably, the moiety B In Formula 1 Is 
an organic group represented by Formula 2 below: 

-CR^R^Ra (2) 

40 

wherein R 1 is a hydrogen atom, -COOH, a halo- 
gen group, a C,. 5 alkyl group or a halogonated alkyl 
group; and and R3 are each Independently a hydro- 
gen atom, a C,^ alkyl group, -CN, -COOH, a halogen 

45 group, a C^s halogenated alkyl group, a unsatu- 
rated aliphatic hydrocarbon group containing at least 
one carbon-carbon double bond, a C^ aromatic hy- 
drocarbon group substituted or unsubstituted with F, CI, 
Br, hydroxyl, a 0,.$ halogenated alkyl group, an amine 

60 group, RO- (In which R* Is a C 1-5 alkyl group), -COOH 
or -NO* 

[0022] In the moieties Rg and R3 of Formula 2, the 
C)^q alkyl group and the C^q unsaturated aliphatic hy- 
drocarbon group containing at least one carbon-carbon 
& double bond may be branched by an alkyl group, and If 
necessary, may be substituted with a hydroxyl group, a 
carfaoxyl group, etc The number of the double bonds In 
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the unsaturated aliphatic hydrocarbon group Is not es- 
pecially limited, but Is preferably 3 or lass. 
[0023] Preferred examples of the compound repre* 
semed by Formula 1 Include, but are not limited to, 
meihacrytlcacld, crotorrJc add, vlnylaeetle acid, tlgllcac* 
Id, 3,3-dlmethylacryllc add, trans-2-pentenolc add, 
4*pentenolc add, trans-2-methyl-2-pent6nclc add, 

2.2- dImethyM-pentenote add, trans-2-hexenole add, 
trans-3-hexenolc add, 2-ethyl-2-hexenofe add, 6-hep* 
tenofc add, 2-octenolc add, dtronulllc add, undecylenle 
add, myrlstololc add, palmltotele add, dele add, elaldlc 
add, ds*t1*elcosenolc add, eurtc add, narvonle add, 
trans-2,4*pentadtendc add, 2,4-hexadlanolc add, 
2 f B*heptadlenalc add, geranfe add, llnoleic add, 
11 ,14-elcosadlenote add, do-8,1 1 ,i4*elcosatrlanolcac* 
Id, arachldonlc acid, c|s-S,a,i 1 ,14,17-elcosapentaenolc 
add, ds-4,7,1 0,13,1 0,1 9-docosahexaenoic add, fu* 
marie add, ma) etc add, Itaconlc add, draconlc add, 
mesaconlc add, trans-glutaeonle acid, trans*beta.hy* 
dromuconlc add, trans -traumatic add, trans^muconlc 
add, ds-aconltic add, trans-aconltic add, ds-3-chbro- 
acryllc add, trans-3*chlorpacrylIc add, 2-bromoacryHc 
add, 2-{tritluoromethyl)acryllc add, trans-styrytacetlc 
add, trans-dnnamlc add, a-methyldnnarnlc add, 

2- methy[clnnamtcadd,2*fluorodnnamlcadd,2-{tr]ftuor- 
omethyfjdnnamtc add, 2-chlorodnnamic add, 2-meth- 
oxydnnamlc add, 2«hydroxydnnamIc add, 2-nltrodn* 
namlo acid, 2*carboxydnnamlc add, trans-3*fluorodn* 
nemlc add, 3-(trltluoromethyl)clrtnamlc add, 3-chloroc- 
Innamtc add, 3-bromoclnnamlc add, 3-methoxydn- 
namtc add, 3*hydroxydnnamlc add, 3-nltrodnnamle 
add, 4*methylclnnamlc add, 4-ftuorodnnamlc add, 
trans*4-(trlfluoTomethyi)*dnnamlc add, 4-chlorocln- 
namlc add, 4*bromoclnnamlc add, 4-methoxydnnamle 
add, 4-hydroxydnnamlc add, 4-nltrodnnamlc add, 

3.3- dimethoxydnnamlc add, 4-vInylbenxoIc add, allyl 
methyl sulfide, allyl disulfide, dlaltyl amine, oleylamlrte, 

3 - em In o-i -prop anal vinyl ether, 4-chlorodnnamonltrlle, 
4*mathoxydnnamonltrl|e, 3,4*dlmBthoxydnnamortltr0e, 

4- dlmethylamlnodnnamonitrne, acrylodtrilo, ally! cya- 
nide, cratonanltrlie, methacp/onltrile, ds*2«pemenenl- 
trlle, trans*3-pentenenltrtle, 3,7*dmethyt.2 l 8*cctadl- 
enenltrlle and 1,4*dlcyano*2*butene. 

[0024] The photosensitive semiconductor nanocrys- 
tals of the present Invention can be prepared by obtain* 
Ing nanocrystals from a corresponding metal precursor, 
dispersing the obtained nanocrystals In an organic sol- 
vent, and treating the dispersion with the photosensitive 
compound of Formula 1. The treatment with the photo- 
sanslllve compound Is not especially limited, but Is pref- 
erably carried out by refluxing the dispersion of the na- 
nocrystals In the presence of the photosensitive com- 
pound. The reflux conditions, Including time and torn* 
perature, and the concentration of the photosensitive 
compound can be properly controlled according to the 
kind of the dispersing solvent, the nanocrystals and the 
photosensitive compound coordinated to the surface of 
the nanocrystals. Alternatively, nanocrystals are sur- 
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face-coordinated with a dlspersant having a reactive 
end group, such as mercaptopropanol , and th on roasted 
with a photosensitive compound capable of reacting 
with the reactive end group of tho dlspersant, such as 
5 mathacryloyl chloride, thereby producing nanocrystals 
surface»coordlnated with the photosensitive compound. 
[0025] Still alternatively, semiconductor nanocrystals 
may be directly surface-coordinated with a photosensi- 
tive compound by adding a metal precursor Into an or- 
10 ganlc solvent and growing crystals at the predetermined 
temperature In the presence of tho photosensitive com- 
pound. The kind of organic solvent, the crystal-growth 
temperature and the concentration of the precursor can 
be appropriately varied according to the kind Ol the pho- 
ts tosenshlve compound, and the kind, site and shape of 
the desired semiconductor nanocrystals. 
[0026] A preferred embodiment of the photosensitive 
semiconductor nanocrystals according to the present in- 
vention Is schematically shown In Rg. 1. As shown In 
so Rg, 1 , x Is a linker binding the semiconductor nanoc- 
rystals to a photosensitive functional group such as aryl 
or vinyl group. The surface-coordinating rate of the pho- 
tosensitive compound to the semiconductor nanocrys- 
tals can be appropriately controlled by changing the mlx- 
25 (ng ratio of the nanocrystals and the compound, 

Photosgnaltlvo composltlontoroattom formation of 
s am Icon duct or nanocrystals 

w [0027] The photosensitive composition of the present 
invention comprises I) semiconductor nanocrystals, and 
Q) a photocurabte compound 
[0Q28] As to the semiconductor nanocrystals, com* 
men semiconductor nanocrystals or photosensitive 

os semiconductor nanocrystals according to the present In* 
vantlon may be used. Where photosensitive semlcon* 
dudcr nanoerystflis of the present Invention are used, 
it is advantageous that substitution with a compound 
containing a photosensitive functional group is unnec- 

«0 essary. The semiconductor nanocrystals contained In 
the photosensitive composition of the present Invention 
are as described above. 

[0029] As to the phoiocurable compound contained In 
the photosensitive composition, polymers containing at 

43 isast one aery! and/or vinyl group and ether-based com* 
pounds can be used. More concretely, polymers con* 
talnlng at least one acryl and/or vinyl group Indude mul* 
Afunctional acrylate-based compounds, multifunctional 
pdyalkyleneoxfde compounds and poiyslloxanes con* 

so talnlng at least one acryl and/or vinyl group. 

[0030] Preferred examples of the phoiocurable com* 
pound Indude, but are not limited to, ailyloxylated cy* 
dohexyl dlaerylate, bls(acry!oxy ethyt)hydroxyl Isocya* 
nurate, Ws(acryloxy neopentylglycol) adlpate, blsphenoi 

55 Adiacrylate, btsphenyi A dlrnethacrylate, 1 ,4*butanedlol 
dlaerylate, 1 ,4-butanedloI dlrnethacrylate, 1,3-buty- 
leneglycol dlaerylate, 1 ,3-butyleneglycd dlrnethacr- 
ylate, dlcydopentanyl dlaerylate, diethyleneglycol dlacr- 
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yistta, dfcthylenaglyeol dlmethaerylato, dlpewtaerythltol 
hexaaorylata. dlpentaorythltol monohydraxy pantacr- 
ylBta, cfltrlmathylotprparm tetraacrylate, ethylenaglycol 
dlmethdoylatQ, glycerol methaerylato, 1,6-haxanadlol 
dlacrylata, nflopamylglyeol dlmatrraerylaia, naopflntylfl- 
ryeot hydroxyplvajate dlacrylata, pantaerythrftol trlacr* 
ylata, pantaerythrttot tetraacrylato, phoophorlc add 
dlmethacrylata, polyetylarmglycol dlacrylata, pajypro- 
pyJanaglycol dlacrylata, tatraethylanaglycDl dlacrylata, 
totrabromofatsphanol A dlacrylata, trlethylanaglycol dlvl* 
nylathar, trlgtycerol dlacrylata, trlmethyfolpropana trlacr« 
ylate, trlpropyleneglyecl dlacrylata, trts[acryiocyathyl) 
(aoeyanurata, phosphoric add trlacrytata, phosphoric 
add dlacrylata, acrylic add propargyl astar, vinyl tarrnl* 
natad polydlmathylslloxafia, vlnyt terminated dlphanyl* 
slloxanexllrnethyisijoxana copolymer, vinyl terminated 
polyphanylmethytelloxana, vinyl terminated trtfluor- 
omathylstotana-dlmathylslloxane copolymer, vinyl ter- 
minated dlethylsllQxane*dlmathylflllQKBrie copolymer, 
vlnylmethyislloxane, monomethacryloyloxypropyl ter* 
mlnatad polydlmathyl slloxana, monovlnyl terminated 
polydlmethyl slloxane and rnonoallyl-mono trlmethyls). 
loxy terminated polyethylene oxide. 
(0031] The composition ratio of I) the semiconductor 
nanocrystals and 0) tha phoiocurablo compound con- 
tained In tha photosensitive composition of the present 
Invention Is not ©specially limited, and can be properly 
controlled depending on the photoeurablllty (l,e, curing 
rata, state of a cured film* ate), binding ability between 
the photosensitive compound and tha nanocrystals, etc, 

Pattern formation of semiconductor nanocryataJs 

[0032] A semiconductor nanocrystal pattern can be 
formed by a) forming a semiconductor nanocrystal film 
using the photosensitive semiconductor nanocrystals or 
th e photosensitive composition according to tha present 
Invention; b) exposing the film through mask; and c) de- 
veloping the exposed film. 

[0033] In step a), the semiconductor nanocrystal film 
Is produced by dispersing tha photosensitive semicon- 
ductor nanocrystals or the photosensitive composition 
according to the present Invention in a suitable organic 
solvent! and coating tha dispersion onto a substrate. At 
this step, a phototnltlator may be added to the organic 
solvent Unlike common photollthgraphlc techniques, 
the photosensitive semiconductor nanocrystals or the 
photosensitive composition according to the present In- 
vention may be cured without a phoioinltlator. However, 
If necessary, a photolnlttator may be used to assist tha 
crosslinking reaction. Examples of photolnltlators usa- 
ble In the present Invention Indude those capable of 
forming free radicals upon light Irradiation, such as ac- 
etophenone-, benzoin-, bonzephenono- and thioxan- 
tone-based photolnltlators. Examples of the acetophe- 
none-based Initiator usable In the present Invention In* 
dude 4-phenoxy dlchioroacetophenone, 4-t-butyt 
dichtaroacetophenene, 4-t-butyl trichtoroacetophe- 
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none, dlethoxyacetophenone, 5-hydroxy-a-methyi- 
i*phenyi-prcpane-l«one» l-{4*lsopropylphenyl)-2«hy- 
droxy-2-methyl-propana-l -one, 1 •(4^cdacylphany)h 
2«hydroxy«2*methy|propana*1 one, 4*(2«hydrox* 

s yethoxy^phenyl-P'hydroxy-S-propylJketone, i-hy- 
droxycydohexyl phanylHatone,2-matnyI«l •[4»(methylth- 
b}phenyl]*2*rnorpholIno-propBna*1 , and the like. Exam- 
ples of the benzoin-based photolnltJator Indude ben* 
?ofn, benzoin methyl ether, benzoin ethyl ether, benzoin 

to Isopropyl ether, benzoin Isobutyt ether, benzyl dimethyl 
ketal, etc Examples of the benzophen one-based pho- 
tolnltiator Include benzophenone, benzoyl benzoic acid, 
benzoyl benzoic add methyl ester, 4*phenyl benzophe- 
none, hydroxy benzophenone, 4-banzoyl-4**methy1 

is dlphenyl sulphide, 3^ 4 -dtmethyl*4«methoxy benzophe- 
none and the like. 

[0034J An organic solvent used In this process Is not 
especially limited, but preferably those capable of ho- 
mogeneously dispersing nanocrystals and being easily 

so removed after application are used. More preferably, 
OMR 4-hydreocy-4-methyl-2-pentan0ne f ethylene glycol 
monoethyl ether, 2-methoxyethano|, chloroform, ehlo- 
robenzene, toluene, teterahydrofuran, dlchlorometh- 
ana, hexane, heptane, oetana, nonane, dacana or a 

25 mixture thereof Is used. The application may be carried 
out by a spin coating, dip coating, spray coating or blade 
coating process, but Is not especially limited thereto. 
The film thus obtained Is dried at 30-300*0 and prefer- 
ably 4Q-1 20 D C to evaporate the organic solvents ahead 

40 of light exposure. 

[0035] in step b), the film Is selectively exposed to an 
electromagnetic wave through a photomask having a 
desired pattern. At this time, a crosslinking reaction 
takes place through photosensitive functional groups or 

& phatocurable compounds in the exposed area. This 
crosslinking reaction enables the formation of a network 
structure of semiconductor nanocrystals, resulting In a 
solubility difference between the exposed and unex- 
posed areas. Based on the solubility difference, devol- 
ve epmant of the film with a developing agent enables the 
formation of a negative pattern of semiconductor nanoc- 
rystals. The light e*pcsure may be carried out by a con* 
tact or non-contact exposure process. In addition, the 
exposure dose Is not especially limited, and can be ap- 
proprlatery controlled according to the thickness of the 
film formed. It Is preferred that the tight exposure Is car- 
ried out at an exposure dose of 50-B50 mJfcm*. When 
tha exposure dose Is Insufficient, a crosslinking reaction 
Is not likely to take place, or a photo bleaching occurs, 

So which causes poor luminescence efficiency of the pat* 
tented nanocrystals. A light source usable for the light 
exposure preferably has an effective wavelength range 
of 2Q0-5Q0nm, preferably 300-4QQnm, and has an en- 
ergy range of 1O0-800W. 

55 [0036) in step c), the exposed film is developed with 
an appropriate developing agent to form a semiconduc- 
tor nanocrystal pattern. Examples of developing agents 
usable In the present Invention Include organic solvents, 
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such as toluene and chloroform, waakly acidic solutions 
and waakly basic solutions, and pure water. 
[0037] Since the semiconductor nanocrystal pattern 
formed by the method of the present Invention exhibits 
excellent luminescence characteristics, It can be utilized 
In a variety of fields. Including semiconductor devices, 
e-g,, displays, sensors and solar cells. Particularly, the 
pattern la useful In forming the luminescent layer of an 
organle«lnorganle hybrid electroluminescent device. 
When the pattern Is used to form a luminescent layer, tt 
preferably has a thickness of 5»1G0nm. In the organic- 
Inorganic hybrid electroluminescent device, organic lay* 
ers are formed In an electron transport layer or a hole 
transport layer except luminescent layer. 
[0038] The organic electroluminescent device has a 
structure selected from anode/luminescent layer/calh- 
cde f anode/buffer layer/luminescent layer/cathode, an* 
ode/hole transport layer/luminescent layer/cathode, an- 
ode/buffer layer/hole transport layer/luminescent layer/ 
cathode, anode/buffer layer/hole transport layer/lumi- 
nescent layer/electron transport layer/cathode, and an- 
ode/buffer layer/hole transport layer/luminescent layer/ 
hole blocking layer/cathode t but Is not particularly lim- 
ited to these structures. 

[0039] As for buffer layer materials, compounds com- 
monly used In the art for this purpose ean be used. Pre* 
ferred examples Include, but are not limited to, copper 
phthalocyanlne, polythlophene, polyanlllne, polyacety» 
lane, polypyrrole. polyphenylene vlnylene and deriva- 
tives thereof. As materials for the hole transport layer, 
compounds commonly used In the art for this purpose 
ean be used but the preferred Is palytrlphenylamlne. As 
materials tor the electron transport layer, compounds 
commonly used In the art for this purpose ean be used 
but the preferred Is polyoxadlazole. As materials for the 
hols blocking layer, compounds commonly used In the 
art for this purpose can be used. Preferred examples 
Include, but are not limited to, UF, BaF 2 , MgF 2 and the 
like. 

[0040] The organic-inorganic hybrid electrolumines- 
cent device of the present Invention does not require 
particular manufacturing apparatuses and methods and 
can be manufactured using materials commonly known 
In the art. In accordance with conventional manufactur- 
ing methods. 

[0041] Hereinafter, the present Invention will be de- 
scribed In more detail with reference to the following ex- 
amples and preparative examples. However, these ex- 
amples are given for the purpose of illustration and are 
not to be construed as limiting the scope of the Invention. 

Preparative Example 1: Preparation of green emitting 
CdSeS nanocrystals surface-coordinated with a 
compound containing a double bond 

[0M2] I6g of trloetylamlne (hereinafter, referred to as 
TOA*),0.5g of dele add and o.4rnmel of cadmium oxide 
were Introduced simultaneously Into a I25mt flask 


10 

equipped with a reflux condenser. The temperature of 
the mixture was raised to 300*0 with stirring. Separate* 
ty, selenium (Se) powder was dissolved Intriocty! phos> 
phine (hereinafter, referred to as TOP*) to obtain 
5 Se-TOP complex solution (Se concentration: about 
(X25M), and sulfur (S) powder was dissolved In TOP to 
obtain S-TOP complex solution (S concentration: about 
1.0M). 0.9ml of the S-TOP complex solution and 0.1 ml 
of the Se*TOP complex solution were rapidly added to 
to the reactant mixture, and then reacted for 4 minutes with 
stirring. Immediately after the reaction was completed, 
the reaction mixture was rapidly cooled to room temper* 
ature. Eihanol as a non-solvent was added to the reac- 
tion mixture, and the resulting mixture was then centrl* 
f£ tuged. Arte r the obtained precipitate was separated from 
the mixture by decanting the supernatant. It was dis- 
persed In toluene In the concentration of 1 wt%. Peak 
emitting wavelength was about 520nm In the electrolu- 
minescence spectrum of the nanocrystals, and the na> 
SO nocrystais emitted green fight Under 3B5nm U V lamp. 

Preparative Example 2: Preparation of blue emitting 
CdSeS nanocrystals surface-coordinated with a 
compound containing a double bond 

85 

[0043] CdSeS nanocrystals were prepared In the 
same manner as In Preparative Example 1 , except that 
the concentration of So tn the Se»TOP complex solution 
was set to o.oSM, and the concentration of S In the 
ao S*TOP complex solution was cat to &0M, Peak emitting 
wavelength was about 48Cnm In the electrolumines- 
cence spectrum of the nanocrystals, and the nanocrys- 
tals emitted blue light under 365nm UV lamp. 

03 Preparative Example 3 ; Preparation of CdS 

nanocrystals surface-coordinated with a compound 
containing a double bond 

[0044] 2.5ml of TOA was Introduced Into a 25ml flask 
*o equipped with a reflux condenser, and then the temper- 
ature was raised to 160*0 with stirring. A solution of 
5omg of cadmium dlthio diethyl carbamate in 0.9ml of 
TOP was rapidly added to the TOA, and then reacted 
for to minutes with stirring. Immediately after the reae- 
43 Hon was completed, the reaction mixture was rapidly 
cooled to room temperature. Bthanol as a non-solvent 
was added to th e reaction mixture, and the resulting mix- 
ture was then cemrlfuged. After the obtained precipitate 
was separated from the mixture by decanting the super- 
30 natant, it was dispersed In toluene In the concentration 
of i wt%. Then, oleic acid was added to the dispersion 
In the concentration of 5m M. The resulting mixture was 
ref luxod at 7o-C with stirring. For better surface- binding 
ability, the nanoerystals were separated from the solvent 
55 and dispersed again In toluene followed by adding oleic 
add In the concentration of 5 mM and refluxlng the mix- 
ture for 24hours at 7o*C with stirring. The above proce- 
dure was repeated several times to prepare desired na- 


so 


43 


30 
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noorystats of which the surface was substituted with 
oleic add. The final nanocrystals were dispersed In tol* 
uene. Tho peak emitting wavelength In the electroluml* 
nescent spectrum of the nanocrystals was 51 Onm, and 
the nanocrystals emitted bluish-green light under s 
365nm UV lamp. 

Preparative Example 4 : Preparation of CdSeS 
nanccrystais surtace-coordtoaied with a compound 
containing acryl and vinyl groups 

[0045] To the dispersion of the nancerystals prepared 
In Preparative Example 1, 3-marcapio*vpropanDl was 
added In the concentration of 32mM After the resulting 
mixture was retluxed at room temperature with stirring 
tor 10 hours, the nanocrystals coordinated with 3*mer- 
captor -propanoi were separated through centrifuge 
and then dispersed In toluene In the concentration of 
1 wt%.2g of the dispersion were Introduced Into a 250mJ 
three-neck flask In an Ice bath, and 50g of tetrahydro* 
turan and 0.1 g of trlethylamlne (TEA) were added there* 
to* The reactant mixture was stirred under nitrogen gas 
lor 30 minutes. After 0.1 5g of mathaeryloyl chloride was 
added dropwlso to the mixture using a dropping funnel, 
the reaction was continued for 4 hours. Then, adduets 
of salts were filtered off using a 0.1 um filter. Thereafter, 
the reaction mixture was washed whh 1 00ml of distilled 
water In a separatory funnel to remove unreacted reac* 
tarns and residual sabs. Th e supernatant was separated 
from the dispersion In which semiconductor nanocrys- 
tals were dispersed, and remaining solvents were re- 
moved In a rotary evaporator under nitrogen gas to ob- 
tain nanocrystals. The resulting nanocrystals were 
again dispersed In toluene. The above procedure was 
repeated several times to obtain a toluene dispersion of 
final nanocrystals of which the surface was substituted 
with acryl and vinyl groups. 

Preparative. Example 5: Preparation of CdS 
nanocrystals surface-coordinated with a compound 
containing acryl group 

[0046] ZSml of TOA was Introduced Into a 25ml flask 
equipped with a reflux condenser, and then the temper- 
ature was raised to 180*0 with stirring. A solution of 
50mg of cadmium dlthlo diethyl carbamate In o.Bml of 
TOP was rapidly added to the TOA, and then reacted 
for 10 minutes with stirring. Immediately after the reac- 
tion was completed, the reaction mixture was rapidly 
cooled to room temperature. Ethanol as a non-solvent 
was added to the reaction mixture, and the resulting mix- 
ture was then centrlfuged. After the obtained precipitate 
was separated from the mixture by decanting the super- 
natant. It was dispersed In toluene in the concentration 
of lwt%. 

[0047] 3-Mercapto-1 -propancl was added to the dis- 
persion In the concentration of 32mM. After the resulting 
mixture was refluxed at room temperature for 10 hours 


with stirring, It was centrlfuged to separate the nanoc- 
rystals surface-coordinated with the 3-mercapte>-1 -pro- 
panoic The obtained nanocrystals were again dispersed 
In toluene In the concentration of lwt%. Thereafter, 50g 
or tetrahydrofuran and 0.1 g of trlethyf amine (TEA) were 
added to 2g of the dispersion. The mixture was stirred 
under nitrogen gas for 30 minutes. After 0.1 5g of rneth- 
acryloyl chloride was added dropwlse to the mixture us* 
Ing a dropping funnel, the reaction was continued for 4 
hours. At this time, adduets of salts were filtered off us- 
ing a 0.1 um filter. The reaction mixture was washed with 
1 00ml of distilled water In a separatory funnel to remove 
unreacted reactants and residual salts. The supernatant 
was separated from the dispersion In which semicon- 
ductor nanocrystals were dispersed, and remaining sol- 
vents were removed In a rotary evaporator under nitro- 
gen gas to prepare nanocrystals. The resulting nanoc- 
rystals were again dispersed In toluene. The above pro- 
cedure was repeated several limes to obtain a toluene 
dispersion of final nanocrystals of which the surface was 
substituted with acryl group. 

Example,!: Formation of a green emitting CdSeS 
nanocrystal pattern 

[0048] The dispersion (1 wt%) of CdSeS nanocrystals 
prepared In Preparative Example 1 was spin coated on- 
to a glass substrate cleaned with IPA at 2<QQ0rprn tor 
30seconds to provide a semiconductor nanocrystal film. 
The film was dried at 5Q"C for 1 minute, and then at 
1QD*C for 1 minute to completely evaporate solvents. 
Then, the film was exposed to 800W UV light having an 
elf active wavelength of 200-300nm through a mask hav- 
ing a desired pattern for 300 seconds. The exposed film 
was developed with toluene to form a semiconductor na- 
nocrystal partem. Pig. 2 Is a photograph showing the 
emitting state of the pattern under 3B5nm UV lamp. 
From the photograph, It was confirmed that tho nanoc- 
rystal pattern was consistent with that of the photomask 
used, and emitted green light. The peak emitting wave- 
length was about 520nm, showing the same result as 
that of the electroluminescent spectrum of the nanoo 
rystals prepared In Preparative Example 1. In addition, 
the emitting peak had a full width half maximum (here* 
Inafter, referred to as "FWHlvT) of approximately 40nm. 

ExampleS: Formation of nanocrystal pattern using a 
photosensitive composition 

[0049] 2.5ml of TOA was Introduced Into a 25ml flask 
equipped with a reflux condenser, and then the temper- 
ature was raised to 180"C with stirring. A solution of 
Somg of cadmium dlthlo diethyl carbamate In 0.0ml of 
TOP was rapidly added to TOA, and then reacted for 1 0 
minutes with stirring. Immediately after the reaction was 
completed, the reaction mixture was rapidly cooled to 
room temperature, Ethanol as a non-solvent was added 
to the reaction mixture, and the resulting mixture was 


55 


35 


43 
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then centHfuged. A her the obtained precipitate was sep- 
arated from the mixture by decanting the supernatant, 
It was dispersed In toluene In the concentration of i wrfc. 
2g of the dispersion and 0.00O5g of d!pe ntaerythrltol 
hexaacryJatB (DPHA) were homogeneously mixed to 
prepare a composition. Then, the composition was spin 
coated onto a glass substrate cleaned with I PA, at 
2 f 000rpm for 30 seconds to provide a film* The film was 
exposed to B00W UV light having effective wavelength 
of 200-300nm through a mask having a desired pattern 
for 300 seconds. The exposed film was developed with 
toluene to form a semiconductor nanocrystal pattern. It 
was observed that the nanocrystal pattern emitted blu* 
Isivgreen light under 385nm UV lamp. It was confirmed 
from the observation that the nanocrystal pattern was 
consistent with that of the photomask used. The peak 
emitting wavelength was about 51 onm In the electrolu- 
minescent spectrum of the pattern, 

Exampte_3: Formation of green emitting CdSeS 
nanocrystal pattern using a photosensitive composition 

[0050] 0^g of the toluene solution (1 wt%) of CdSeS 
nanoerystals prepared In Preparative Example 1, and 
O.QQOSg of dlpentaerythrltol hexaacrytate (DPHA) were 
homogeneously mixed to prepare a photosensitive 
composition. The composition was spin coated onto a 
glass substrate cleaned with IPA, at z«ooorpm for 30 
seconds to provide a film. Then, the film was exposed 
to B00W UV light having aneffectlve wavelength of 
200*300nm through a mask having a desired pattern for 
300 seconds. Tha exposed film was developed with tol- 
uene to form a semiconductor nanocrystal pattern. Fig. 

3 Is a photograph showing the emitting state of the rta- 
nooystaj pattern under 3B5nm UV lamp. From the pho- 
tograph, It was confirmed that the nanocrystal pattern 
was consistent with that of the photomask used, and 
emitted green light The peak emitting wavelength was 
about 520nm, showing the same result as that of the 
electroluminescent spectrum of the nanoerystals pre- 
pared in Preparative Example 1 . In addlt!on» the emitting 
peak had FWHM of approximately 40nra 

Example 4: Formation of blue emitting CdSeS 
nanocrystal pattern using a photosensitive composition 

[0051] o.oSg of the toluene solution (iwtft) of CdSeS 
nanoerystals prepared In Preparative Example 2, and 
0.0D1 got DPHA were homogeneously mixed to prepare 
a composition. The composition was spin coated onto 
a gloss substrate cleaned with I PA, at 2,00Qrpm tor 3D 
seconds to provide a film. Then, the film was exposed 
to BooW UV light having an effective wavelength of 
200-300nm through a mask having a desired pattern for 
300 seconds. The exposed film was developed with tol- 
uene to form a semiconductor nanocrystal pattern. Fig. 

4 Is a photograph showing the emitting state of the na- 
nocrystal pattern under 3B5nm UV lamp. From the pho- 


tograph, It was confirmed that the nanocrystal pattern 
was consistent with that of the photomask used, and 
emitted blue tight The peak emitting wavelength was 
about 4fl0nm, and had FWHM of approximately 40nm. 
s Figs. 5a and 5b are an optical microscopic Image (x 
1 ,000) and an AFM Image of the semiconductor nanoc- 
rystal pattern. From the Figs. 5a and 5b, It was known 
that the CdSeS nanoerystals were uniformly dispersed 
In CdSaS nanocrystal pattern. 

10 

ExamplBjS: Patterning of CdS nanoerystals surface- 
coordinated with a compound containing a carbon- 
carbon double bond 

*5 [0052] 0*Q5g of the to] uene solution (1 wt%) of CdS na- 
noerystals surf are*coord|nated with oleic acid prepared 
In Preparative Example 3, was spin coated onto a glass 
substrate cleaned with IPA, at 2,000 rpm for 30 seconds 
to provide a semiconductor nanocrystal film. The film 

40 was dried at 50"C for 1 minute, and then at 1 00°C for 1 
minute to completely evaporate solvents. Then the film 
was exposed to BOOW UV light having an effective 
wavelength of 200*300nm through a mask having a de- 
sired pattern for 300 seconds. The exposed film was de- 

25 veloped with tolu ene to form sem {conductor nanocrystal 
pattern. It was confirmed that the nanocrystal pattern 
was consistent with that of the photomask usad, and 
emitted bluish-green light 

30 Example 6: Patterning of CdSeS nanoerystals surface* 
coordinated with a compound containing an aery! group 

[0053] o.oSg of the toluene solution (1 wr&) of CdSeS 
nanoerystals surface-coordinated with a compound 

35 containing an aery! group, as prepared In Preparative 
Example 4, was spin coated onto a glass substrate 
cleaned with IPA, at 2,0OOrpm for 30 seconds to provide 
semiconductor nanocrystal film. The film was dried at 
50°Cfor1 minute and then at 100*C far 1 minute to com- 

*o pietely evaporate solvents. Then, tha film was exposed 
to booW UV light having an effective wavelength of 
200-30Qnm through a mask having a desired pattern for 
3QD seconds. The exposed film was developed with tot* 
uene to form semiconductor nanocrystal pattern. It was 

45 confirmed that the nanocrystal pattern was consistent 
withthatof thophotomeskused.and emitted green light 

Example 7: Patterning of CdS nanoerystals surface* 
coordinated with a compound containing acryi group 

so 

[0054] o,o5g of the toluene solution [1wt%)ofCdSna* 
nocrystals surface-coordinated with a compound con* 
talnlng an acryl group, as prepared In Preparative Ex* 
ample 5, was spin coated onto a glass substrate cleaned 
85 with IPA, at 2,000rpm for 30 seconds to provide a sem- 
iconductor nanocrystal film. The film was drlBd at 50*0 
for 1 minute and then at 1 00»C for 1 minute to complete- 
ly evaporate solvents. Then, the film was exposed to 
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BMW UV light having effective wavelength of 
2 00—30 On m through a mask having a desired pattern 
for 300 seconds. The exposed film was developed with 
toluene to form a semiconductor nanocrystal pattern. It 
was confirmed that the nanocrystal pattern was consist- 
ent with that of the photomask used, and emitted green 
light 

Example s: Manufacture of electroluminescent device 
using nanocrystal pattern 

(0055] In this Example, an organic-Inorganic hybrid 
electroluminescent device was manufactured by em* 
ploying a thin pattern of the nanocrystals prepared In 
Preparative Example 1 as a luminescent material. PE- 
DOT {poly-3,n-«tbyl enedloxythlophana) as a hole trans* 
port layer was spln^oaied onto a patterned I TO sub* 
strata to a thickness of 50nm, and then baked. The tol- 
uene solution (iwt%) of CdSeS nanocrystals prepared 
In Preparative Example 1 was spin-coated onto the hole 
transport layer and dried to form a luminescent layer 
having a thlekness of 5nm. The luminescent layer was 
exposed to 800W UV light having an effective wave- 
length range of £00*300nm through a mask tor 200 sec- 
onds and the exposed film was developed with toluene. 
Alq3 (trls(8-hydroxyqulnollnato) aluminum) was depos- 
ited onto the luminescent layer to form an electron trans* 
port layer having a thickness of about 4Qnm* UP and 
aluminum wore sequentially deposited onto the electron 
transport layer to thickness of 1 nm and 200nm, respec- 
tively, to manufacture an organic-Inorganic hybrid elec- 
troluminescent device. 

[0056] An alectroiumfnaseentspactrumof the electro- 
luminescent device Is shown In Pig, B. The spectrum 
confirms that light was emitted from the nanocrystals by 
electrons applied to the device. In the electrolumines- 
cent spectrum of the device, peak emitting wavelength 
was 520nm, and the FWHM was approximately 40nm. 
In addition, the Intensity of the spectrum was 10 Cd/m 2 
and the efficiency of the device was about 0,1%. 


Claims 


A semiconductor nanocrystal, where the nanocrys- 
tal is surface-coordinated with a compound contain- 
ing a photosensitive functional group. 

The semiconductor nanocrystal according to claim 
1 , wherein the compound containing a photosensi- 
tive functional group Is represented by the following 
Formula l: 


X-A-B 


TO 


TS 


C 1v1 q saturated or unsaturated aliphatic hydrocar- 
bon group); A Is a direct bond, an aliphatic organic 
group, a phenylone group or a biphenylene group; 
and B Is an organic group containing at least ono 
carbortcarbon double bond, which may be substi- 
tuted with at least one group selected from -CN, 
-COON, halogen groups, C^ halogenated aikyl 
groups, amine groups. Cg^s Aromatic hydrocarbon 
groups, and Cq.^ aromatic Hydrocarbon groups 
substituted with P, CI, Br, a halogenated aJkyl group, 
R'O- {In which R' Is a hydrogen atom or a C,^ afoyl 
group), -COOH, an amine group or -NO^ 

X The semiconductor nanocrystal according to claim 
2, wherein the aliphatic organle group in the moiety 
A of Pormula 1 1s a saturated aliphatic hydrocarbon 
group, an aliphatic ester group, an aliphatic amide 
group, an aliphatic oxycarbcnyl group or an aliphat- 
ic ether group* 

4. The semiconductor nanocrystal according to claim 
2 or 3, wherein the moiety B In Formula 1 is an or- 
ganic group represented by the following Pormula 

7x 


SO 


(2) 


40 


wherein R, Is a hydrogen atom, *COOH, a 
halogen group, a C tt $ aJkyl group or a halogenated 
aikyi group; and R 2 and R 3 are each Independently 
a hydrogen atom, a C 1<w aikyl group, -CM, -COOH, 
a halogen group, a c,. 5 halogenated aikyl group, a 

unsaturated aliphatic hydrocarbon group con- 
taining at least one carbon-carbon double bond, a 
C^j aromatic hydrocarbon group substituted or 
unsubstltuted with F, CI, Br, hrydroxyl, a G,. s halo- 
genated aikyl group, an amine group, R'O-, In which 
R* Is a C^s aikyl group, -COOH or -NO^ 


& The semiconductor nanocrystal according to claim 
2, wherein the compound containing a photosensi- 
tive functional group Is selected from acrylic acid 
compounds, unsaturated fatty add compounds, 
45 drtnamlc acid compounds, vlnylbenxole acid com- 
pounds, aerylonltrlle-based compounds, unsaturat- 
ed nftrlle-based compounds, unsaturated amine 
compounds and unsaturated sulfide compounds. 


so 6. 


wherein X Is NO, HOOC-, HRIM-, POOOH-, 
RS- or RSS- (In which R is a hydrogen atom or a 


The semiconductor nanocrystal according to dalm 
2, wherein the compound containing a photosensi- 
tive functional group Is selected from methaeryllc 
add, crotonlc add, vlnytaeetic add, tlgllc add, 
3,3-dlmethylacryJle add, trans-2-pentenolc acid, 
4-pentenolc add, trans»2-methyl-2«pentenolc acid, 
2,2-dlmethyl-4-pentenole add, trans-2-hexenole 
acid, trans-3-hexendc add, 2-ethyl«2-hexenolc ac- 


PAGE 53159 * RCVD AT 5/19/2005 7:40:58 PM (Eastern Daylight Time] * SVR:USPT0*EFXRH/3 1 DNIS: 8729306 * CSID:55929901 18 * DURATION (mm-ss): 1 8-28 


MRy-19-E005(THU) 16:00 fl. FORTNEVI LAW OFFICE 


(FRX)559E990118 


P. 054/059 


17 EP 1 i 

id, B-hepteneic acid, 2-oetenole add, duoneltlc ae- 
Id, undftcylanlc add, myrlstdele add, palmltolele 
add, oleic add, elald Ic add, ds*1 1 •elcosenolc add, 
eurfc add, nervonfc add, trans-fc,4-pentadlanole 
add, 2,4-haxadfende add, 2,6-heptadlaiQlc add, 
geranle add, linolefc add, 11,14-elcosadlenolc ac* 
Id, ds*e,11 ,14-elcosatrlenolc add, arachldonle ae- 
Id, ds-SAiiM^leosapentaeriolc add, ds» 
4,7,1 0,13,1 6,i&-docosahaxaeno|c add, fumarlc 
add, malele add, Itaconlc add, draeonlc add, ma* 
saccnlc add, trans-glutaconlc add, trans*beta*hy» 
dfomuconlc add, trans-traumatic add, trana-mu- 
canic add, ds-aeonltfcadd, trans-aconltlc add, ds» 
tehloroacryltc add, tmns*3*chlDfoacryllc add, 
2-bromoacrylte add, 2*{tr1fluaromethyl)acryIlc add, 
trans-styrylacatlc add, trans-dnnamlc add, a* 
methyldnnarde add, 2-mathyldnnamte add, 
a-fluorodrtnamlc add, 2^trifluoromBthyl)dnnamlc 
add, 2*chlorodnnamlc add, 2-methaxydnnamlc 
add, 2-hydroxydnnamtcadd, 2-nltroclnnamIcadd, 
2-carboxydnnamleadd, trans-3-fIutimdnnamle ac- 
id, 3-(trifluoromethyl)dnnanile add, 3-ehlorodn- 
namJe acid, 3-bromoeJnnamIc add, 3-methoxydn- 
namte add, 3-hydroxydnnamlc add, 3-nltroclr> 
namic add, 4-mothyldnnamlc add, 4-fluoroctn- 
namte add , 1rans^(trIfluoromathyl)-cinrMimlc acid, 
4-chtorodnnamJc add, 4-bromcdnnamIe add, 
4-methoxydnnamle add, 4-hydroxyelnnam!e add, 
4-nltrodnrwmle add, 3^-dImothoxydrinamlc add, 
4-vlnylben&3lc add, allyl methyl sulfide, allyl di- 
sulfide, d tally I amine, oieylamlrm, 3-amlno-l-propa- 
nol vinyl ether, 4-chlorodnnamonItrfla, 4-methoxy- 
dnnamonltrlle, 3,4-dlmathQxydnnamQnltrlle, 
4^lmethyl3mlnodnnamonltr8o, acrylonltrile, allyl 
cyanide, crotononltrf le, methacryfonltrlle, ds-2-pen- 
tenenltrlle, trans-3-oentenenItrlle, 3,7<ffmethyl- 
2,8»octadlBnenltrll© and 1 ,4-dlcyano*2-butene. 

7* A photosensitive composition for a semiconductor 
rianocrystal pattern, the composition comprising I) 
semiconductor nanocrystale, and II) a photocurable 
compound* 

8. The photosensitive composition according to dalm 
7, wherein the semiconductor nanocrystals are 
semiconductor nanocrystals surface-coordinated 
with a compound represented by Formula 1 as de- 
fined In claim 2. 

9. The photosensitive composition according to claim 
7 or B, wherein the photocurable compound Is se- 
lected from polymers containing acryl and/or vinyl 
group and other-based compounds, 

10. The photosensitive composition according to daJm 
7 or 8, wherein the photocurable compound (a se- 
lected from multifunctional aerylate-based com* 
pounds, multifunctional polyallcyleneoxlde con> 
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pounds and polysfloxanes containing at least one 
acryl and/or vinyl group, 

11. The photosenaltive composition according to dalm 

5 t o, wherein the photocurable compound la selected 
from ailyioxylated cydohexyl dlacrylate, bls(acry- 
ioxy etftyl)hydrc*yl laocyanurate, bls(aeryloxy neo* 
pentylgtycol) adlpate, blsphenol A dlacrylate, bU 

. aphenyt A dJmethacrylate, 1,4-butanadlol dlacr- 
10 yiate, 1,4-butanadtol dlmathacrylate, 1,3-buty* 
laneglycol dlacrylate, 1,3-butyteneglycot dlmetjv 
acrylate, dlcydopentanyl dlacrylate, dlethylenegly* 
col dlacrylate, dlethyleneglycol dlmethacrytata, 
dlpentaarythftol hexaacrylate, dlpantaerythltol 
15 monohydroxy pontacrylate, dltrlmothylolprpane 
tetraacetate, ethylene glycol dlmathacrylate, glyo 
erol methaerylate, i,G-he*anedlo| dlacrylate, neo- 
pentylglycol dfmathscryfate, neopentylgfycol hy- 
droxyplvalate dlacrylate, pentaerythrltol trlacrylate, 
so pentaerythrliol tetraacrylate, phosphoric add 
dlmethacryiatB, polyatyleneglycol dlacrylate, poly* 
propylenaglycot dlacrylate, tetraethylenaglyeol dla- 
crylate, tetrabromoblaphenoj A dlacrylate, trlethyf- 
eneajycol dlvlnylathar, trfglycarol dlacrylate, trl- 

6 meihyiolpropane triacrytate, trlpropylenaglycol dla- 
crylate, trfs(aerytoxyethVl)lsoeyanurate, phosphoric 
acid trlacrylate, phosphoric add dlacrylate, aeryfte 
add propargy) ester, vinyl terminated polydlrnethyl- 
alloxane, vinyl terminated diphenylslloxane-dlmath- 

Jfl ylslloxane copolymer, vinyl terminated polyphenyl- 
methylslloxane, vinyl terminated trlfluoromethylsl- 
loxane-dlmathylsQoxane copdymer, vinyl terminat- 
ed dlethytsJIoxane-dlmethylslioxane copolymer, v|- 
nylmethylslknane, moncmothacryloyloxypropyl 

as terminated polydimethyl dloxane, monovlnyl termi- 
nated polydfmethyl slloxane and monoaDyl-mono 
tHmathyldlojty terminated polyethylene oxide. 

12. Thophgtosenslth/ucomposltfon according to any of 
40 dalms 1 to 11 , wherein the nanocrystals comprise 

CdS, CdSe, CdTe, ZnS, ZnSe, 2nTo, HgS, HgSe, 
, HgTe, GaN, GaP, GaAs, InP, InAs or a mixture 
thereof* 

4S ix The photosensitive composition according to any of 
dalms 1 to B, wherein the nanocrystals comprise at 
least two compounds selected from CdS, CdSe, 
CdTe, ZnS, ZnSe, ZnTe, HgS* HgSe, HgTe, GaN, 
GaP, GaAs, InP and InAs, and Is a uniformly mixed 

so type, gradiently mixed typa, core-shell type or alloy 
type. 

14. A method for forming a semiconductor nanocrystal 
pattern, comprising thesteps of: I) produdng a sam- 
55 (conductor nanocrystaJ film using the semiconduc- 
tor nanocrystals according to any of dalms 1 to 6 or 
the photosensitive composition according to any of 
dalms 7 to 1 3; II) exposing the film through a mask; 


f n 
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and III) developing the exposed film. 

15. The method according to claim 14, wherein the film 
of step I) Is dried at 30*1 Q0*C before exposure of 
step II). £ 

16. Themethoda«ordlr^todalm15,wherelTithefllm 
of step I) is produced by dispersing The semiconduc- 
tor nanocrystals according to any of claims 1 to B or 
the photosensitive composition according to any of 10 
claims 7 to 1 3 in an organic solvent! and coating the 
dispersion onto a substrate by spin coating, dip 
coating* spray coating or blade coating. 

17. The method according to dalm 1 a, wherein the or- '* 
ganlc solvent further comprises a photolrtltlator se- 
lected from acetophenone*, ben*ofn% benlophe* 
none* and ihfoxantone-based photolnttlators* 

1& The method according to any of claims 14 to 17, SO 
wherein the exposing is carried out at an exposure 
dose of 50-550 m J/cm* through a photomask hav» 
Ing a predetermined pattern* 

19. The method according to any of claims 14 to 17, & 
wherein the exposing Is carried out using a light 
source having a wavelength range of 200»500nm 
and an energy range of 1 00»800W> 

20. The method according to any of claims 14 to 19, sq 
wherein the development of step 111) Is carried out 
using an organic solvent, a weakly acidic or basic 
solution, or water. 

21. An organic-Inorganic hybrid electroluminescent de» as 
vice, wherein the semiconductor nanocrystal pat- 
tern prepared according to the method of any of 
dalms 1 4 to 2o is contained as a luminescent layer. 

40 
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Fig. 1 

-eC-A-B>m 

X : -COO, -S. -NHj, -CM etc 

A : -<CR£r. -{CRjVCOO-* -(CRjVNHCO-, -<CRJ»-OCO-. -(CR^O-, 
• -Q-O- . etc [In which R Is H, Cm alky) group, and 
n is 0, or an integer of I or more] 
B : -CR,"CRsR 3 (In which R| b H, -COOH, Cm aOcyl group, halogen group, 
halogerated nJkyl group, and R* and Is independently H, Cf alkyl group. 
-CM, -COOH, halogen group, unsaturated aliphatic hydrocarbon group having 

at least one carbon-carbon double bowl , (wherein R' 

to halogen group, nitro group, hydroxy group, eta,), etc.] 



Fig. 2 
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Pig. 3 



'Pig. 4 
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Fig. 5b 
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Fig. 6 
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